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: Precise Assembling of Complex 3D Structures

Precise Assembling of Complex 3D Structures

ABSTRACT
This disclosure describes precisely assembling (or reassembling) complex three-dimensional (3D)
structures used in analytical instrumentation such as mass spectrometers. A jig is used to precisely
assemble transmission multipoles, collisions cells, and other components of mass spectrometers. The
solution described ensures precise realignment of components when reassembling following
maintenance or troubleshooting.
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BACKGROUND
A mass spectrometer is an analytical instrument used to measure the mass-to-charge ratios (m/z) of ions
of a sample-under-analysis, or an analyte. Typically, the analyte is separated into components via a
chromatographic instrument (e.g., via liquid chromatography, gas chromatography, or capillary
electrophoresis), the separated components are introduced into an ion source of the mass spectrometer
for ionization, and the resulting ions are subject to transport, confinement, and separation by the
components of the mass spectrometer for analysis. The analysis can include generating a mass spectrum
depicting a plot of intensity (relative abundance) as a function of the m/z. The mass spectrum is useful
for the identification, quantification, and structural elucidation of the sample, for example, peptides,
proteins, and related molecules.
Over a period of time, the mass spectrometer needs to be cleaned, parts must be replaced, or
troubleshooting might need to be performed to resolve a technical problem. This results in components
of the mass spectrometer such as multipoles, collision cells, etc. to be unassembled and then later
reassembled. The initial assembly of these components, as well as any reassembly done afterwards,
requires precise alignment to maintain instrument sensitivity, ion transmission, device charging, and
other operational parameters.
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DESCRIPTION
As described herein, an example of a 90° turn flat quadrupole is used as a collision cell in a triple
quadrupole (QqQ) mass spectrometer. However, the techniques can also be applied to objects of
different shapes and symmetry and used in other types of mass spectrometers.
One difficulty in assembling a 90° turn flat quadrupole is maintaining precise control of distances
between the four rods along the whole ion optical axis. While some jigs can maintain the distances at
the ends of the quadrupole rods, the inner portions remain challenging. Insertion of distance controlling
inserts between the rods during assembly are difficult to remove without comprising quality, or even
impossible to remove for more complex structures. Some techniques involve dissolving, burning, or
other mechanisms to remove the distance controlling inserts, but these are time consuming, resource
consuming, or may jeopardize precision of mass spectrometers, affect material quality, or affect
cleanliness.
As a solution to the aforementioned problems, a symmetry along the ion optical axis of a component
can be determined. The component can be “split” into a few pieces following the symmetry, and a jig
can be structured to utilize the symmetry. In the example of a 90° turn flat quadrupole that is to operate
as a collision cell, the symmetry is planar, which leads to a two-piece assembling approach. However,
other shapes of components might use more than two pieces.
Image 1 below depicts a jig as a flat piece of material with precisely carved grooves for quadrupole rods.

Figure 1
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In Figure 1, when the quadrupole rods are placed and fixed within the grooves, the rod supporting
structures such as printed circuit boards (PCBs) are disposed and fixed to the rods. Additionally, the jig
may also assure the precise positioning of the PCB with respect to the rods.
Standoffs are placed between the PCBs and affixed to them to ensure stiff structure preserving distances
between the rods and along the whole length of the component. Figures 2 and 3 below depicts an order
for assembling the aforementioned objects.

Figure 2
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Figure 3

Different types of standoffs can be used. For example, for standard standoffs, one end of the standoff is
attached to one of the rods supporting the PCBs by a screw (or other fastener or attachment), and
another end is permanently fixed to the opposite PCB. This allows for future disassembling and
reassembling. For precision control standoffs, two pieces are manufactured to join at a prescribed
accuracy. These are joined together by a screw or another removable fastener or attachment. These
precision control standoffs are designed to assure reassembly of the component with the proper
amount of precision.
When initially assembled upon the jig, both parts of the precision control standoff are permanently
affixed to the corresponding rod supporting structure, as depicted in Figure 4 (the jig is not shown for
illustrative purposes). This allows for variation of distance between rods upon assembling and
reassembly to be within the standoff manufacturing tolerances in any direction.

https://www.tdcommons.org/dpubs_series/3869

5

: Precise Assembling of Complex 3D Structures

Figure 4

After assembly of both pieces on the jig, they can be removed from the jig and precisely joined to form
the desired assembly with required accuracy. The disassembly and reassembly process may be repeated
many times without loss of precision.
The aforementioned techniques allow for manufacturing of components with complex shapes as a set of
split units without loss of control over precision. Moreover, components can be disassembled and
reassembled without compromising assembly accuracy.

CONCLUSION
Thus, improved assembly of components of analytical instruments is described. The examples above
involve mass spectrometers, but other analytical instruments such as chromatography systems can also
be used. Per the techniques of the disclosure, jig allows for manufacturing complex 3D shapes with
precise accuracy.
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